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Abstract


HETEROGENEOUS CATALYSTS FOR ORGANIC TRANSFORMATIONS
This thesis mainly deals with the synthesis and applications of heterogeneous catalysts for various organic transformations. Heterogeneous catalysis for the synthesis of fine chemicals is particularly attractive as it allows production and ready separation of large quantities of products with the use of a small amount of catalyst. Majority of the reported supports for catalytic applications are based on pure inorganic materials or functional polymers in which the synthesis of the supports involves either high temperature calcinations or polymerization of petrochemical feed stocks. In recent years, the emphasis of science and technology is shifting more towards environmentally friendly and sustainable resources and processes, in this regard biopolymers are attractive candidates to explore for supported catalysis.
Chapter I highlights the importance of heterogeneous catalysis and various options for the synthesis of heterogeneous catalysts. An overview about polymer supported catalysts is also configured. The need and development of "cleaner" and "greener" alternative technologies using especially cellulose as a support for the preparation of fine chemicals and pharmaceuticals is also discussed in this chapter. Chapter II mainly deals with preparation and characterization of cellulose supported copper(0) catalyst and its application for the N-arylation of nitrogen heterocycles with aryl halides and arylboronic acids. Chapter III presents the efficacy of cellulose supported copper(0) catalyst for the aza-Michael addition of unsaturated compounds to amines and imidazoles. Chapter IV details the preparation and characterization of cellulose supported palladium(0) catalyst and its application for the  C-C coupling reactions such as Heck and Sonogashira coupling reactions. Chapter V details an efficient and eco-friendly process for the nitration of o-xylene with high regio-selectivity in liquid phase using beta zeolite as a catalyst.
CHAPTER I  
INTRODUCTION                                                                                                
This chapter describes the various catalyst/process options available for an industrial chemist to effect different organic transformations. It includes a brief introduction of homogeneous, heterogeneous catalytic systems and basic concept commonly encountered in catalysis such as selectivity, turnover number, atom economy etc. A brief discussion of polymer supported catalysts and the advantages in using polymer supported catalysts is discussed. A detailed discussion about cellulose is also described. The importance of selective organic transformations and the need for the design and development of environmentally cleaner catalytic methodologies is also highlighted. The origin of zeolites, properties of zeolites and their application in catalysis was described. 
CHAPTER II
 Synthesis and Characterization of Cellulose Supported Copper(0) Catalyst and its Application for N-Arylation of Nitrogen Heterocycles
This chapter is divided into two sections.
Section I deals with preparation and characterization of cellulose supported Cu(0) catalyst [CELL-Cu(0)] 
Section II deals with the application of CELL-Cu(0) catalyst for N-arylation reactions.
Section II is divided into two topics:
 Topic I deals with CELL-Cu(0) catalyzed  for the  N-arylation of imidazole with aryl boronic acids.
Topic II deals with CELL-Cu(0) catalyzed N-arylation of nitrogen heterocycles with    
aryl halides.
Section I 
Preparation and Characterization of Cellulose Supported Copper(0) Catalyst 
Cellulose, a linear -1, 4-linked glucose polymer synthesized by plants and some species of bacteria, is the most abundant naturally occurring biopolymer.  Cellulose and its derivatives are widely used in chemical and bio-chemical applications and also as a support for the synthesis of organic molecules. It is also observed that cellulose fibers acts as nanoreactor for the stabilization of metal nanoparticles. Cellulose and modified cellulosic materials can be used as sorbents of metal ions from aqueous solutions. Furthermore, cellulose can be used as a matrix for platinum, palladium, and silver aggregates in catalysts or antimicrobial materials.
In this section, a new heterogeneous catalyst consisting of active copper species using cellulose as a support [CELL-Cu(0)] was prepared for the first time and well characterized by XRD and XPS. 
X-Ray Diffraction pattern of cellulose support and Cu(0) supported catalyst indicates the presence of Cu (111) and Cu(200) phases, which are attributed to Cu(0). The high resolution XPS narrow scan of CELL-Cu(0) catalyst show a peak at 932.72 of Cu 2p3/2, which is attributed to Cu (0). ICP-AES analysis of the catalyst indicates the presence of 0.368 mmol/g of copper. 
Section II, Topic I 
Cellulose Supported Copper(0): An Efficient Reusable Catalyst for C-N Coupling of Imidazole with Aryl Boronic Acids
N-Aryl azoles are important substructures in natural products and industrial chemicals, such as pharmaceuticals, dyes, and agricultural products. N-Aryl azoles such as N-aryl pyrrole, N-aryl carbazole, and N-aryl indole, display biological activity such as antimicrobial activity, dopamine D-2 and serotonin 5-HT2 antagonist activity, analgesic activity and antiallergy activity. N-Aryl imines, on the other hand, are protected anilines, which are useful in the synthesis of pharmaceuticals, polymers and oligomers.
N-Arylimidazoles and other N-Arylheterocycles are common motifs in pharmaceutical research because of their biomedical use as thromboxane synthase inhibitors. They are not only important structures in biological systems, but also common moieties in pharmaceutical research. A significant number of N-arylimidazole derivatives have been reported to have biomedical applications, serving as cyclic AMP phosphodiesterase inhibitors, AMPA receptor antagonists, cardiotonic agents and topical antiglaucoma agents. For example, 6-(1H-imidazol-1yl)-7-nitro-2,3-(1H,4H)-quinoxalinedione (YM90K), displays anti-AMPA-induced toxicity in cultured neurons and anti convulsive activity and antiischemic effects in both global and focal ischema models. N-arylimidazoles are found in broad array of imidazolium quaternary salts used as key precursors to imidazolylidines, the largest class of N-heterocyclic carbenes (NHCs). 
Ullmann and Goldberg arylation of amines, amides, and anilines with aryl halides using copper catalysts are popular methodologies before the Pd and Ni catalyzed protocols reported by Hartwig and Buchwald. Chan, Evans, Lam and others reported the synthesis of arylamines, aryl ethers and N-arylheterocycles (scheme 1) using boronic acids and cupric acetate under mild conditions compared to that of conventional methods. Collman has demonstrated the first catalytic version of the reaction using [Cu(OH).TMEDA]2Cl2 and later Buchwald and Lam using Cu(OAc)2 as catalyst in presence of base and additive.
In this topic, cellulose supported Cu(0) was used as a reusable catalyst for the N-arylation of imidazole with aryl boronic acids using methanol as solvent and triethylamine as base under reflux conditions (Scheme 1).
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Section II, Topic II
Cellulose Supported Cu (0) Catalyzed C-N Coupling of Nitrogen Heterocycles with Aryl halides
The Ullmann reaction, initially reported in 1901, has long been employed by chemists to generate a C-C bond between two aromatic nuclei. Typically two molecular equivalents of aryl halide are reacted with one equivalent of finely divided copper at high temperature (above 200 °C) to form a biaryl and a copper halide. This procedure and variants were comprehensively reviewed several decades ago. Considerable improvements have been made through the last century.  Dimethylformamide is a solvent, which permits the use of lower temperatures and a lower proportion of copper. 
The methods commonly used for constructing C-N bonds are 
1.	Nucleophilic aromatic substitution, which requires that the aryl halide substrate possesses electron-withdrawing substituents and
2.	Ullmann-type coupling of imidazoles with aryl halides, which has a broader substrate scope with respect to the aryl halide.
The development of more improved synthetic methods for the preparation of N-arylimidazoles still remains an active research area. It is highly desirable to develop a ligand free new recyclable heterogeneous copper catalyst system to promote easy commercialization and dispense the use of expensive diamine ligands for copper catalyzed coupling reactions of haloarenes.  
In this topic, cellulose supported Cu(0) [CELL-Cu(0)] was used as a reusable catalyst for the N-arylation of imidazole with aryl halides in dimethylsulfoxide solvent and K2CO3 base at 130 0C (Scheme 2).
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CHAPTER III
Cellulose Supported Copper(0) Catalyst for aza-Michael Addition of -Unsaturated Compounds to Amines and Imidazoles
The β-amino ketone functionality is an important segment for the synthesis of biologically active natural products and it also serves as an essential intermediate in the synthesis of β-amino acids and β-lactam antibiotics [1-4]. On the other hand, N-substituted imidazoles and their derivatives, obtained through alkylation reactions [5] or Michael additions [6] are of interest in the pharmaceutical chemistry because of their pharmacodynamic properties. Tinidazole and metronidazole, which belong to the 5-nitro-N-substituted imidazole derivatives, have been widely used in the treatment of protozoal infections, such as trichomoniasis. The 4-nitro-isomeric compounds are also gaining pharmacological significance as immunosuppressants, aldehyde dehydrogenase inhibitors and radiotherapy synergists.
The most common method for the preparation of β-amino ketones is the Mannich reaction. Classical Mannich type reactions are certainly very powerful but need quite severe reaction conditions and are rather sluggish. Conjugate addition of amines to ,-unsaturated compounds which is also known as aza-Michael is on  the contrary, atom economic and quite easy to carry out. However, these reactions require either basic conditions or acidic catalysts, which can be detrimental to the desired synthesis. Moreover, most Lewis acid catalysts are likely to be poisoned by alkyl and arylamine reagents. In order to overcome some of the disadvantages, a wide range of alternative procedures have been reported over the past few years using stoichiometric or catalytic Lewis acids such as Yb(OTf)3, InCl3, CeCl3.7H2O, Bi(NO)3, Bi(OTf)3, Cu(OTf)2, FeCl3.7H2O/Co(OAc)2, H3BO3, SmI2, LiClO4 and copper nanoparticles. Although the recent advances made this route attractive, the development of simple, convenient and environmentally benign recyclable approaches are highly desirable.
In this chapter, the catalytic activity of cellulose supported copper catalyst [CELL-Cu(0)] for aza-Michael addition of unsaturated compounds  to amines and imidazoles is described (Scheme 3).
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CHAPTER IV
Synthesis and Characterization of Cellulose Supported Palladium(0) Catalyst and its Application for C-C Coupling Reactions
This chapter is divided into two sections.
Section I deals with preparation and characterization of cellulose supported Pd(0) catalyst [CELL-Pd(0)] 
Section II deals with the application of CELL-Pd(0) catalyst for C-C coupling reactions.
Section II is divided into two topics:
 Topic I deals with CELL-Pd(0) catalyzed  Heck coupling of olefins with aryl iodides
Topic II deals with CELL-Pd(0) catalyzed Sonogashira coupling of phenylacetylene with aryl iodides. 
SECTION I
Preparation and Characterization of Cellulose Supported Pd(0) Catalyst
This section describes the synthesis of a new heterogeneous catalyst consisting of active palladium species using cellulose as a support [CELL-Pd(0)] and its characterization  by XRD, XPS  and TEM.
The catalyst CELL-Pd(0) is prepared by simple in situ reduction of methanolic solution of palladium chloride in the presence of microcrystalline cellulose support. The X-ray diffraction pattern of CELL-Pd(0) catalyst clearly indicates the presence of Pd (111) and Pd (110) phases which are attributed to Pd(0) Further, the high resolution XPS narrow scan [Fig 2.] of the CELL-Pd(0) catalyst shows two peaks at 335.4 eV of Pd 3d5/2 which is attributed to Pd (0) and 336.5 of Pd 3d5/2 which is attributed to Pd(II). Metal content in CELL-Pd(0) catalyst was analyzed by ICP-AES, which shows the presence of 4.94 % of palladium. TEM image shows the formation of palladium particles in the range of 10-20 nm.
SECTION II, TOPIC I
Cellulose Supported Pd(0) Catalyzed Heck Reaction of Olefins with Aryl Iodides
The Pd-catalyzed arylation or vinylation of olefins, universally referred to as the “Heck Reaction (HR)” has received increasing attention in the last decade, as it is a selective method to form new C–C bonds in a single operational step. The reaction is appealing because of its tolerance of nearly any solvent and functional group on the substrates, its high selectivity, and its moderate toxicity. It constitutes a powerful and versatile method for the synthesis of polyfunctional compounds, e.g., dienes, cinnamic esters, and other variously substituted olefinic compounds, which are primarily applied as dyes, UV absorbers, and intermediates for pharmaceuticals, agrochemicals, and fragrances.
Currently, the Heck reaction is a landmark in small-scale organic preparations. However, a suitable, versatile and reusable heterogeneous catalyst might increase the applicability of Heck chemistry in commercial processes. Among the various works on heterogeneous Heck catalysis, several approaches deserve particular attention to overcome the problems concerning thermal stability (high reaction temperatures), separation, and recovery of the Pd complexes. 
Nanopalladium catalysts, as such or stabilized by poly-(vinylpyrrolidone), block copolymer micelles of polystyrene b-poly-4-vinylpyridine, propylene carbonate, mesoporous MCM- 41, and silica supported poly-g-mercaptopropylsiloxane, exhibit higher catalytic activity in the Heck olefination of bromo- and iodoarenes because of the larger surface areas. The preparation of these stabilized colloids involves invariably difficult protocols using exotic reagents. 
In this section, the Heck arylation of olefins mediated by cellulose supported palladium(0) catalyst without addition of any phosphine ligand is described. (Scheme 4).
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Section II, Topic II
Cellulose Supported Pd(0) Catalyzed Sonogashira Coupling of Aryl Halides with Phenylacetylene
The ever-growing search for new drugs and polymers is bringing alkyne chemistry forward. In the fine chemical industry, C–C triple bonds are sought because they can be easily functionalized using multiple addition reactions. In materials science, polyalkyne derivatives are used to make Organic Light Emitting Diodes (OLEDs), new carbon allotropes and carbon-rich materials. The key reaction here is the formation of an alkyne–carbon bond, i.e. the attachment of an alkyl or aryl group onto the triple bond without destroying it. In 1963, Stephens and Castro demonstrated the coupling of aryl halides with alkynylcopper(I) species to obtain arylacetylenes. Since then, much effort has been directed to elucidate the mechanism of the Stephens–Castro reaction, and to develop synthetic protocols that would not require stoichiometric copper. Sonogashira and co-workers found that combining catalytic amounts of Pd(PPh3)4 and CuI enabled the same coupling without the need for stoichiometric copper or for isolating the alkynylcopper(I) intermediate. 
In this section, cellulose supported palladium(0) catalyst was utilized successfully for the Sonogashira coupling reaction to afford corresponding coupled products in good to excellent yields. The catalyst was recovered by simple filtration and reused for several cycles (Scheme 5). 
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CHAPTER V
Beta Zeolite: an Efficient and Eco-Friendly Catalyst for the Nitration of o-Xylene with High Regio-selectivity in Liquid Phase
The mononitro derivatives of o-, m- and p-xylene isomers are used as intermediates for the production of vitamins, agrochemicals, fragrances and dyes. Although 4- and 3-nitro-o-xylenes are useful starting materials for the production of riboflavin (Vitamin B2) and mefenamic acid, a nonsteroidal anti-inflammatory and analgesic drug, respectively, the former is required in large tonnage. Selective nitration of o-xylene, thus, assumes higher importance. Nitroxylenes on reduction give the corresponding xylidines, which have much industrial importance. 3,4- and 2,6- xylidines are the starting materials for the production of riboflavin and agrochemicals respectively. Other isomers are used as colorant intermediates. The most important of these are 2,4-xylidine, used as diazo compound (e.g. in C.I. Solvent Orange and C.I. Acid Red) and 2,5-xylidine used as a coupling component (e.g. in Dispersol Orange and C.I. Solvent Red). Conveniently, mixed xylidines can be used for some colorants.
Nitration of aromatic compounds is a widely used reaction to realize organic intermediates required in large tonnages for the fine chemical industry. The conventional eco-unfriendly nitration process, employing a nitrating mixture of nitric acid and sulfuric acid, for the last two centuries has remained unchallenged in the commercial arena owing to the uneconomical alternative options. Research in dispensing the use of sulfuric acid in general in the nitration of aromatic compounds and selective synthesis of the desired isomer in the nitration of substituted benzenes in particular is of topical interest, since it reduces pollution caused by spent acid and unwanted isomers and more specifically to respond to market demand. 
The excellent applications of nitroxylene isomers in general and the poor isomeric selectivity towards 4-nitro-o-xylene or large amounts of oxygenates expressed in the nitration of o-xylene in particular prompted us to undertake the present the nitration of xylenes using beta zeolite in an effort to evolve eco-friendly and high atom utilization process. 
In this chapter, the nitration of o-xylene was performed with highest isomeric selectivity for 4-nitro-o-xylene using beta zeolite as a catalyst (Scheme 6) in liquid phase with reuse of the solid acid catalyst being possible by azeotropic removal of water formed in the reaction and present in nitric acid is described. Influence of various reaction parameters viz., effect of solvents, influence of rate of addition of nitric acid on the conversion as well as the selectivity of 4-nitro-o-xylene, influence of Si/Al ratio and consistent activity of the catalyst were discussed in detail.
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